Introduction
Several populations of indigenous freshwater crayfish species (ICS) in Europe are at risk of becoming endangered or extinct as a result of various anthropogenic stressors such as the crayfish 'plague' disease, other diseases, competition with invasive non-indigenous crayfish species (NICS), translocations of both ICS and NICS, loss of genetic diversity, pollution, water abstraction for irrigation and direct human use, habitat destruction, eutrophication and overexploitation [1] . Furthermore, increasing information on NICS introductions into European freshwaters [2] indicates a serious risk of extinction for local populations in the near future through both direct (e.g. predation and crayfish 'plague') and indirect effects (e.g. grazing of aquatic macrophytes, alteration of biomass and species richness of macroinvertebrates, bank erosion and substrate disturbance) [3] . The latter could exert dramatic changes to the biodiversity of aquatic communities and the integrity of ecosystems in Europe.
Recent efforts to review and record historical and current occurrences of ICS in Greece [4] [5] [6] showed that crayfish populations are present in at least 34 hydrographic systems (natural and man-made lakes, rivers and small streams). However, the distribution of crayfish is much more restricted nowadays than in previous decades, and many populations of ICS are isolated and confined to headwaters and lentic environments that remain pristine [4] . Although there is only one established population of invasive NICS (i.e. signal crayfish Pacifastacus leniusculus (Dana, 1852)), ICS (noble crayfish Astacus astacus (L.), narrowclawed crayfish Astacus leptodactylus Eschscholtz 1823, stone crayfish Austropotamobius torrentium (Schrank, 1803)) and their habitats are confronted to serious threats due to human-mediated stressors. These threats are expected to be exacerbated by globalization leading to increased trade and e-commerce of NICS, unrestricted movement/travelling of NICS, intense economic activity, demographic pressures [7, 8] and climate change, which generally favour NICS with less strict ecological preferences and increased adaptive ability compared to ICS [3] . Recently, astacologists have determined that the aquarium trade is as one of the most important and plausible sources of NICS introductions in Europe and worldwide. However data on the Hellenic aquarium trade of NICS is lacking.
So far, aquatic ecologists have focused on studying and managing ecosystems already invaded and degraded by non-indigenous species. Precautionary measures are urgently needed for mitigating further introductions of non-indigenous species, one of the most important threats to biodiversity worldwide. Here, our objective was to record the presence of ornamental NICS in the Greek aquarium trade market and assess their invasion potential into the wild.
Experimental Procedures
We recorded the presence of NICS in eleven largesize aquarium stores in Greece's two largest cities (Athens and Thessaloniki) and one large provincial city (Ioannina) between January and December 2011. We also conducted an online-based research of three major internet-based companies with stores in the Greek pet market simultaneously. Data on the number of sales per store were not available. However, we anecdotally recorded that nine specimens of the most ornamental and large-size C. quardicarinatus were sold during 2011 in one store in the city of Ioannina with a population of 100,000 inhabitants. We used the Freshwater Invertebrate Invasiveness Scoring Kit, v1.19 (FI-ISK) tool developed by the Centre for Environment Fisheries and Aquaculture Science (CEFAS) (http://cefas.defra.gov.uk/our-science/ecosystems-andbiodiversity/non-native-species/decision-support-tools. aspx) to assess the invasion potential of the three most popular aquarium species (Procambarus clarkii, Cherax destructor and Cherax quadricarinatus). The same tool was also applied to ICS and NICS in Greek freshwaters systems for comparison purposes.
Results
Overall, we recorded eight species of NICS belonging to three genera (Table 1) . Available data for four species (Procambarus clarkii, Cherax quardicarinatus, Cherax peknyi and Cambarellus patzcuarensis) suggested that they were imported from Singapore. C. quardicarinatus may also have been imported from an alternative location in Italy. The species most advertised for sale in the e-commerce were P. clarkii and C. quadricarinatus.
The FI-ISK revealed that invasion potential was particularly high for P. clarkii and C. destructor. The analysis rejected these species for introduction in the aquarium trade based on a 16 points threshold. C. quadricarinatus had moderate score, requiring further assessment for introduction. The FI-ISK scores are presented in Figure 1 against: (a) the scores for the three ICS and the only NICS established in Greece; and (b) the scores generated by Tricarico et al. [9] for the same species in Italy. Accurate scoring for C. peknyi, P. alleni, C. shufeldtii, C. montezuma and C. patzcuarensis was not possible due to the limited bibliographic data on their biology and invasion ecology.
Discussion
European ICS populations have suffered from serious declines during the last century, mainly due to the spread of the crayfish 'plague' disease via introduced American species. All crayfish of Northern and Central American origin, such as species from the genera Pacifastacus, Procambarus, Cambarellus and Orconectes are suspected vectors of crayfish 'plague'. Freshwater crayfish are particularly good invaders compared to other groups of aquatic organisms. Currently, ten NICS are established in the European freshwaters with establishment success record approaching 100%, compared to the number of introduced species to the wild [10] . Although NICS are still absent from neighbouring countries to Greece (i.e., Albania, the former Yugoslav Republic of Macedonia, Bulgaria, and Turkey) [2, 5] various human-mediated vectors of introduction may threaten existing ICS populations in these countries. Such vectors include legal or illegal stocking in natural water bodies, aquaculture, live food trade, aquarium and pond trade and, to a lesser extent, biological supply trade for experimental purposes and live bait [11] . The main threats assessed for ICS in Greece in this study are summarised in Table 2 .
Although NICS introduced since the mid-19
th century up to 1975 were introduced primarily to re-stock overfished European crayfish populations and for aquaculture, many recently introduced NICS were brought into Europe via the aquarium trade since the 1980s [2] . Of all the NICS assessed in our survey, P. clarkii is listed among the hundred worst invasive species in Europe and among the top 27 animal species introduced into Europe for aquaculture and related activities [12, 13] . Although fishing of P. clarkii constitutes at least 50% of the European ICS fisheries production [3] , there are examples of pronounced adverse effects of this species on native ecosystems in diverse locations around the world: negative impacts in littoral and semi-terrestrial marsh ecosystems in southern Spain [14] ; destruction of reed-beds and intensive predation on native fish species in Lake Naivasha in Kenya [15] ; decreased rice production in Portugal [16] ; and damages to river banks and agricultural fields due to its burrowing activity in the USA [17] . Additionally, P. clarkii is one of the most important vector of crayfish 'plague', carrying the pathogen (Aphanomyces astaci Schikora) as a chronic infection [18] and may also be an intermediate host for helminth parasites which can be transmitted to humans. Finally, P. clarkii is able to accumulate cyanobacterial toxins [19] and subsequently transfer them to their predators as well as to humans. Populations of P. clarkii are widespread in Europe, particularly in Spain, Italy and southern France, which have similar climatic conditions to Greece. P. clarkii is also present in various climatic zones (from Israel to Belgium), including several insular populations [2, 14] . Similarly, C. destructor is thriving in Spain and an established population was recently found in central Italy [2, 3, 20] . Finally, the tropical C. quardicarinatus has recently established a self-sustaining population in thermal hot springs in Slovenia [21] . The introduction of C. quardicarinatus could also happen in warmer parts of southern Greece, since this species tolerates temperatures down to 4°C [22] . Currently, there are no available data on introduction/establishment of the rest of the NICS surveyed during the present work in the European aquatic ecosystems. The aquarium trade of NICS is largely uncontrolled around the globe. As a result, the risk of further freshwater crayfish introductions in European waters is considerable. Based on recent studies of ornamental fish [23] and crayfish [24] species, there is a clear relationship between the frequency of species occurrence and size in the aquarium trade industry and the likelihood of introduction/establishment into the wild. Moreover, trade laws of the single European market (i.e. free movement of goods and services), need to consider the potential risks from aquarium trade. The most noteworthy example is the largely unregulated German aquarium trade market (regular and internet-based) Consolidated national legislation is urgently needed for the protection of ICS and their habitats. The 708/2007 (EC) Directive does not directly apply to the aquarium trade; however it introduces the 'white list' approach for the importation of species and provides the responsibility to the Member States to take the appropriate measures to protect biodiversity threatened by the movement of aquatic animals for aquaculture purposes. Greece may not fulfil the EU Water Directive (2000/60/EC) goals of 'good ecological status' and 'good chemical status' of surface and ground waters by the year 2015. Recent environmental-ecological studies on the larger lakes of the country showed that most of them are currently disturbed, falling into the 'poor', 'bad' or 'moderate' water quality classes based on pH, chlorophyll-α concentration, Secchi depth, total phosphorus, high proportion of cyanobacteria in phytoplankton communities and limited macrophyte coverage [37] . Table 2 . Quantitative scoring of the significance of the main threats to ICS in Greece and available protection frameworks; 0=none, 1=low, 2=medium, 3=high.
of live ornamental freshwater crayfish with 120 NICS available in stores, including 105 species considered to be high-risk vectors of crayfish 'plague' [24] .
Our results suggest that the number of NIFCS available in the Greek domestic market is relatively low compared both to other animal taxa, and to other European countries (e.g., Germany and Czech Republic) This trend may be due to the low popularity of freshwater crayfish among aquarium hobbyists and their higher prices compared to many popular aquarium fish (e.g., €5-50 for P. clarkii, C. destructor and C. quadricarinatus and about €15 for Cambarellus species). However, given the absence of public education and sensitization of local communities, NICS introductions still constitute a considerable risk to ICS in Greece via deliberate or accidental releases. Accordingly, efforts to protect the native freshwater biodiversity of Greek freshwater systems should concentrate on several management initiatives, including (a) the identification of the main import channels for NICS, banning the import of highly invasive NICS (e.g., P. clarkii and C. destructor), and banning translocations of invasive ICS after a thorough assessment within the context of the 'white list' approach of the 708/2007 (EC) Directive [3] ; (b) setting up a contingency plan with mechanisms to promote rapid responses in the event of NICS and crayfish 'plague' introductions in Europe; and (c) strict enforcement of legislation. Moreover, several additional initiatives could support the biodiversity of freshwater aquatic species in Greece, including a framework to monitor and control of the signal crayfish population in northern Greece, the protection of ICS populations and their habitats through the designation of SPAs as well as re-introduction programs, the enhancement of public education on the risk of NICS introductions (e.g., through responsible aquarium management) and research support on applied invasion biology and management.
